It is extremely difficult to elucidate the biochemical processes of anesthesia, since no substance known to be an anesthetic is entirely lacking in other pharmacological activity. Anesthetics may even have stimulant actions. Moreover, experience has shown obvious variations in potency and selectivity from antsthetic to anaesthetic even when they resemble each other in chemical structure.
The fact that many anesthetics are soluble in fats has given rise to much speculation. It can hardly be denied that there seems to be a good degree of correlation between fat solubility and anmsthetic potency. The well-known Meyer-Overton concept makes use of this observation. Another approach to anesthetic action has been concerned with thermodynamics. This involves the concept of activity and in particular the activity of narcosis. It has been pointed out (Mullins 1954 ) that in spite of the fact that anmsthetic gases may be applied over a wide range of pressures, varying by a factor of 800, the activity of narcosis varies only from 0-01-0-08, i.e. by a factor of only 8. The molal volume, an expression relating to the size of the molecule, seems to have some effect in determining the activity ofnarcosis. The argument can be extended from anesthetic gases to liquids and solids and Mullins has been able to calculate the activity of narcosis fairly accurately as it varies with the number of carbon atoms in the molecule. This led to the hypothesis that with the onset of narcosis by chemically inert molecules, the latter occupy a more or less constant fraction of the total volume of some nonaqueous phase in the cell; Mullins believes that this phase resembles a highly polar liquid. This leads him to discuss models for membranes with which he tries to explain that narcosis is produced by a partial blockage of spaces in the membrane by narcotic molecules: he points out that if these were very small or moderate in size they would 57 stay in place but large molecules would be extruded. Much would also depend on the shape of a molecule; a shape complementary to the average space between the membrane molecules would be the most effective from the point of view of blocking the membrane. A molecule with an anticomplementary shape could hold the membrane molecules apart and even increase the effective space; this would facilitate the passage of small molecules and ions through the membrane and could be the basis of convulsant action. It is suggested, however, that the polarity of the narcotic molecule is even more important than its shape. It must be emphasized at this point that Mullins was taking the broadest possible view of membranes and his concept would include all the fat-water interfaces in the central nervous system: many of these would be actually inside the neurones; others, related to the myelin sheaths and the glial tissue, would be outside. The high fat content of the brain apparently renders this kind of argument very attractive. The fact that much of the fat is present as relatively inert myelin must surely detract from the hypothesis: moreover, we now know that the synapse is more sensitive to anmsthetics than is the axon. It has been shown by perfusion experiments (Larrabee & Posternak 1952) that ether and chloroform impair synaptic transmission in the cat stellate ganglion at a concentration which is about one-third of that required to produce a similar impairment of the cervical sympathetic nerve. The concentration of anesthetic at which synaptic transmission is impaired is of a similar order to that produced in surgical anmsthesia.
The Molecular Structure ofCell Membranes
The electron microscope has revealed more of the general structure of most body cells. The cell is enclosed by a thin single layered membrane ( Fig   1) , which dips into and forms many ramifications within the cell itself. The membrane is some 75-90 A in thickness and seems to be composed of an outer and inner layer of protein, between which are sandwiched two layers of lipid material which consist mainly of phospholipids, glycerides and cholesterol (Fig 2) . It will be seen that the charged portions of the lipid molecules face towards the layers ofprotein molecules and 2 and 3 are layers of lipid molecules. Note that the charged portions of the lipid molecules and the charged protein molecules are on the outer and inner surfaces and that the area between the black lines represents the uncharged portions of the lipid molecules. The different shapes of these represent the structures of the different types oflipidsubstance. (Reproducedfrom Haggis, 1964, by kindpermission) nearest layer of protein. This means that, in the middle of the membrane, there are the uncharged portions of the molecules. There seems little doubt that there are actual pores, temporary or permanent, which penetrate right through the membrane; they are lined with protein ( Fig 3) and are probably formed by indentations from each of the protein layers, which join each other to form a channel. It is important to note that this would have electrically charged walls. In fact, the protein side-chains would tend to reduce the tiny pore to a number of even smaller crevices and it is possible that these could be closed by divalent ions, such as calcium or magnesium, which have two positive charges, attaching themselves to two negative charges of side-chains across a space.
There is no doubt that the situation is really far more complicated and that many protein systems, often with enzyme activity, are incorporated along with the main protein material of the membrane. This is particularly true of the membrane of the mitochondrion, the structure of which is probably more complicated than that of the plasma membrane.
Mechanisms ofSynaptic Transmission
The terminal axon of a neurone branches and forms many synaptic knobs on the dendrites of other nerve cells. The synapses are excitatory or inhibitory (Fig 4) . Electron microscope studies of them have proved very rewarding; they show the sort of structure illustrated in Fig 5. The membrane of the knob is the presynaptic membrane, which is separated by the synaptic cleft from the subsynaptic membrane, which covers the dendrite concerned. Inside the synaptic knob, there can be seen mitochondria and numerous vesicles; the latter are believed to contain the transmitter substance. Stimulation of the presynaptic fibre causes some of these vesicles to thrust molecules of transmitter substance into the synaptic cleft: these then combine with a receptor protein in the subsynaptic membrane and in some unknown way the combination causes pores to open in the subsynaptic membrane. With an excitatory synapse, the transmitter substance could be acetylcholine and the pores which open in the subsynaptic membrane are then relatively large and so allow the positively charged sodium ions to pass into the substance of the dendrite and some potassium ions to escape. The resultant effect is some degree of depolarization, since the inside of the cell becomes more positive. This is additive as from excitatory synapse to excitatory synapse and, when sufficient depolarization has been produced to increase the internal electric potential from the resting-level of -70 millivolts to about -55 millivolts, a nerve impulse is generated which travels along the postsynaptic fibre. With inhibitory synapses, the mechanism is very similar, but the transmitter substance is different and may be y-aminobutyrate. The pores which open are too small to allow the passage of sodium ions. Potassium ions and chloride ions are much smaller and can pass freely; the former, which are positively charged, leave the dendrite, whereas the latter, which are negatively charged, enter the dendrite. This results in increased negativity inside the cell, which can cancel out the depolarization effect of excitor substance.
Section ofAnasthetics
After the excitatory transmitter substance has caused the permeability changes, it is necessary to restore the status quo in order that the neurone should respond to a subsequent stimulus: this involves the so-called sodium pump mechanism, which can pump out the sodium ions which have entered the cell; it takes place against a concentration gradient and requires energy, which is supplied by the breakdown of adenosine triphosphate. Active sodium transport of this kind occurs in the salt gland of marine birds and is stimulated by acetylcholine (Hokin & Hokin 1960) . It was originally thought that inside the cell diglycerides are converted to phosphatidic acid which holds the sodium ion and in the cell membrane the phosphatidic acid with bound sodium is hydrolysed to diglyceride and sodium phosphate. The phosphate ion is returned to the cell cytoplasm and the sodium ion passes to the outside along with a chloride ion (Fig 6) . This concept has recently been modified to include the resting state of the cell and now involves phosphatidylinositol. It would seem likely that in the resting state the phosphatidic acid is converted to phosphatidylinositol (Hokin & Hokin 1964 ) from which the phosphatidic acid can be liberated for use in the sodium pump mechanism (Fig 7) . It is interesting that acetylcholine occurs in postsynaptic neurones and that stimulation of brain slices with this substance causes the combination of phosphate and diglyceride with a fall in adenosine triphosphate. Other mechanisms have been suggested for active sodium transport involving phospho- positively charged sodium ion. In this neutrality is maintained within the cell. from Haggis, 1964, by kindpermission) proteins or even adenosine triphosp It would seem from radioactive inc studies (Rose 1963) that, at least in the formation of phosphoproteins is involved; it is by no means unlikely that the sodium taken up in this w handled by the phosphatidic acid mecd do not yet know anything about the whereby potassium returns to the in: cells as the sodium is pumped out. It seems highly likely that cerebral conditioned by these frequently occun tions in membrane permeability. Thus apparent that any agent which interfer associated with t) ofphosphatidylinositol in the resting state version to phosphatidic acid on stimulatio choline. The phosphatidic acid in the stim can be utilizedfor sodium transport, as in Fj ducedfrom Hokin & Hokin, 1964 , by kindp Duct of mechanism will prevent excitation and so cause salt gland depression of nervous activity and possibly anesthesia. Such an agent could act in one of several ways: it could stabilize the presynaptic membrane and so prevent the excitatory vesicles rupturing through it into the synaptic cleft; it could prevent the action of the excitatory transmitter substance in regard to opening the pores of the subsynaptic membrane; it could interfere Ne with the opening mechanism directly, or it could stabilize the subsynaptic membrane and so prevent the pores from opening, or it could actually block the pores; it could interfere with the process of recovery whereby potassium re-enters the cell and sodium leaves; it could possibly stimulate the production of inhibitory transmitter. Local anisthetics almost certainly act by competing with acetylcholine for the receptor sites of the receptor proteins (Nachmansohn 1962) and Cl-so produce a complex which is inactive from the point of view of pore-opening in the subsynaptic Mm transport membrane. This competition can arise because of az negatively the close similarity in chemical structure between way electrothe local anmsthetic and choline. This type of (Reproduced mechanism explains the observation that local anesthetics do not affect the resting potential ihate itself. across the membrane.
sorporation
The results of studies of electrical activity in the first stage spinal cord and ventral roots before and during definitely ether anesthesia (Austin & Pask 1952) led to the r, however, conclusion that the anmsthetic must be acting on Fay is then the anterior horn cell. These findings have been anism We confirmed with both ether and thiopentone mechanism ansesthesia by other workers (Somjen 1963 , side of the Somjen & Gill 1963), who also made use of intracellular recordings, a more refined technique activity is which indicated that the anaesthetics act on the ring altera-anterior horn cell at the subsynaptic membrane it becomes and stabilize it in some way. Thereis also probably es with the impaired release of the chemical transmitter. This latter inference accords with the finding that acetylcholine in the brain is increased during anesthesia. Moreover, it has recently been reported that volatile anesthetics block the release of transmitter from -the nerve networks of the guinea-pig intestine (Speden, unpublished work, PHPM,,DC quoted by Paton & Speden 1965).
AM
Transmitter release could be inhibited by a stabilization of the presynaptic membrane. It is theoretically possible that anaesthetics could stabilize either or both of the synaptic membranes by interaction with water molecules present in them (Miller 1961 , Pauling 1961 ). This could result in the blocking of pores or in a 'stiffening Stimulated state
Ups of the membrane in question, which would he formation interfere with the release of the transmitter and its con-vesicles or the passage of ions. n by acetyl-During surgical anesthesia, the oxygen con-wgl6ted(Rprosumption of the brain is diminished. This is not 7ermission) unexpected, since respiratory activity must pro-Section ofAnesthetics vide the energy required for such functions as consciousness, sensation and reflex action. This is largely done through the medium of the tricarboxylic acid cycle and its associated oxidativephosphorylation pathways, giving rise to available energy in the form of adenosine triphosphate. The depression of respiration during anesthesia could, however, be due to depression of cerebral activity consequent upon the inhibition of synaptic transmission and not necessarily a direct action on the metabolic pathways. It is established that ether and chloroform can depress transmission through excised superior cervical ganglia, from rabbits and rats, without affecting the resting oxygen consumption (Larrabee et al. 1952 , Edwards & Larrabee 1955 .
It has been shown, however, that certain antsthetics are capable of inhibiting to a limited extent the respiratory metabolism of brain slices, as well as the activity of some oxidative enzyme systems concerned in brain metabolism. The concentrations required are somewhat higher than those encountered during surgical anesthesia.
The oxidative metabolism of isolated brain slices is considerably less active than that of whole brain. Stimulation of the slices can, however, raise their respiration to a level comparable with that of brain in vivo. The stimulation is achieved either by repeated electrical pulses (Mcllwain 1951) or by alteration of the concentration of sodium, potassium or calcium ions in the respiratory medium in which the slices are placed (Quastel 1965) . Such increased respiration is readily inhibited by anesthetic concentrations comparable to those found during anesthesia. It has already been pointed out that cerebral activity in vivo is probably conditioned by frequent alterations in subsynaptic membrane permeability produced by transmitter substances. Since similar effects on permeability are almost certainly produced during stimulated brain slice respiration, this type of observation does not really indicate that anesthetics act directly on cerebral oxidative metabolic processes. It has also been shown that citrate metabolism is highly dependent on the presence of sodium ions (Gonda & Quastel 1964) , .which must mean that the tricarboxylic acid cycle is also sodium dependent. Ingress of sodium ions as a result of increased permeability from synaptic excitation could therefore excite activity in the tricarboxylic acid cycle of the nerve cell.
Barbiturates can, however, inhibit oxidativephosphorylation and so diminish the production of adenosine triphosphate and this could possibly affect the recovery processes required for the continued functioning of the neurones after stimulation has occurred. It has been shown that barbiturates depress the formation of adenosine tri-phosphate in particulate preparations from brain (Brody & Bain 1951) ; in brain slices, barbiturates interfere with glutamine biosynthesis (Kini & Quastel 1959 , Gonda & Quastel 1963 ; this requires adenosine triphosphate and it is assumed that the biosynthesis is retarded by virtue of depression of adenosine triphosphate production.
It has been demonstrated, however, that during general anaesthesia the adenosine triphosphate content of the brain is increased (Hunter & Lowry 1956 , Mcllwain 1962 ). This does not seem to accord with the findings in barbiturates and brain slices. The apparent contradiction can be explained by analogy with the biochemical mechanisms of muscle fibres. Here adenosine triphosphate is produced at two sites. One is the mitochondrial membrane, which makes use of the tricarboxylic acid cycle, and the other is the sarcoplasmic reticulum, which produces adenosine triphosphate by means of glycolytic breakdown of glycogen granules; the latter is the mechanism which is involved in regard to the immediate muscle contraction and ion transport. Glycogen is present in the brain cell and is broken down during induced activity. It is possible, therefore, that the nerve cell endoplasmic reticulum produces the adenosine triphosphate for the sodium pump mechanism. If anmsthesia diminishes synaptic transmission, there would be diminished permeability effects and consequently the sodium pump would not be required nearly so much and the net result would be an increase in reticulumassociated adenosine triphosphate, since there is less breakdown.
It is always a possibility that anesthetics can diminish the activity of the sodium pump mechanism: nerve cells would therefore not recover efficiently after stimulation. We have seen that the divalent ions, calcium and magnesium, which can produce aneesthesia, could block membranes by forming bridges across protein sidechains in the membrane pores. It is interesting, however, that the model of the sodium pump put forward by Hokin & Hokin (1960) could be used to postulate another mechanism of action for these two ions. It is known that an excess of magnesium ions inhibits the breakdown of phosphatidic acids to inorganic phosphate and diglycerides (Strickland et al. 1963) . It is also known that an excess of calcium ions inhibits the incorporation of phosphorylcholine into lecithins by combination with diglycerides. This would in itself interfere with biosynthesis of the cell membrane. By analogy, however, it is possible that calcium ions could be inhibitory to phosphate incorporation in the cycle of Hokin & Hokin (1960) . Excess of magnesium or calcium ions could therefore seriously interfere with the mode of action of the Hokins' model for active sodium transport. If 6ne considers that the mode of transport of calcium and magnesium Table 1 Summary of biochemical mechanisms likely to be involved in anasthesia
Local anesthetics Competition with acetylcholine
General Anasthetics (1) Membrane stabilization or block: (a) Presynaptic (b) Subsynaptic (2) Interference with sodium pump mechanism (3) Interference with adenosine triphosphate production: (a) Block in oxidative phosphorylation (b) Depression ofmetabolism (4) Increased production of inhibitor substance into the cell might involve phosphorylation of phosphatidylinositol (Hawthorne 1964) , then excess of these divalent ions could fix the phosphatidylinositol and make it unavailable as a source of phosphatidic acid when acetylcholine stimulation occurs. This would also block active transport of sodium. Table 1 summarizes the biochemical mechanisms likely to be involved in aniesthesia. It also includes the possibility of increased production of inhibitory transmitter substances at the synapses. There is some evidence that these may be concerned in anmsthetic processes. It has been shown that ether and thiopentone can increase the depolarization needed to evoke an orthodromic impulse (Somjen & Gill 1963) . This is precisely the action of postsynaptic inhibitory transmitter. Moreover, it has been shown that barbiturates and chloralose increase and prolong presynaptic inhibition as well as the associated presynaptic depolarizatioin (Eccles et al. 1963) . It would be difficult to account for anesthesia under hypnosis other than by mechanisms of this kind. In conclusion, I should like to point out that many of the ideas put forward above have either originated in or been stimulated by published communications of Professor H Mcllwain. He must not, however, be held responsible for any of my biochemical speculations.
Tracheostomy and Tracheostomy Care in Infants
Tracheostomy in infants can be made a relatively safe procedure. The experience of the Thoracic Unit of the Hospital for Sick Children over the last five and a half years has included 149 consecutive tracheostomies in 147 infants and has shown that nearly all the well-known risks of tracheostomy in the very young can be avoided. The cases had been subject to much selection by other referring centres. The principal indications for tracheostomy were the needs for improved respiratory efficiency and lung drainage. Few of these cases required a by-pass of the upper airway.
Tracheostomy was avoided when possible by various techniques for clearing the airways, including full humidification of inspired gas, nasopharyngeal aspiration and sedation, physiotherapy, intermittent tracheal aspiration, percutaneous tracheal catheter and, recently, nasotracheal intubation.
The diseases for which tracheostomy was done are shown in Table 1 . No anesthetic complication required tracheostomy. The ages of the infants at the time of operation are shown in Table 2 and emphasize that the grosser congenital lesions tended to present in the first few months of life. Two-thirds of these cases were under three months old. The results of these tracheostomies were that 46 successful extubations were made. Because of the nature of the cases treated, many died from their disease without attempt at extubation.
